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(54) Title: DIFFRACTIVE SELECTIVELY POLARIZING BEAM SPLITTER AND BEAM ROUTING PRISMS PRODUCED 
THEREBY 




(57) Abstract 

A diffractive having a grating period that exhibits significant polarization selectivity is used as a polarizing beamsplitter for obliquely 
incident polarized light. The grating is preferably a subwavelength of the illuminating beam and is preferably designed to substantially 
transmit transverse magnetic mode (TM) polarized light and to substantially reflect transverse electric mode (TE) polarized light at certain 
wavelengths or angles of incidence. Due to ease of manufacture, the polarizing beamsplitter may be integrated along with other optical 
elements, such as a subwavelength retarder, to form a polarization beam router, a dichroic beam combiner, a beam splitter on a curved 
surface, or an optical pickup using an optical beam splitter and router. 
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LTS&£l~IBg£*U 

[ft*Ji3] mmm&Lom&mt, tern. 3ztzitiE&mMo>mm 

[»*^6] H(riBA*t^(7)^imm (te) j£#iiMiBfiftt£-A7.^'j 
twsBASt3ta>«»» (tm) fig^iifriBisi^ft&^^iiorsiia-r* 
t»#js 1 (Dfi* if -ax ? u v * o 

1 oti^e-Ax^'j 

[M*JI8] MIB[e]«Tl§^-l±fc-5)^Jt^Hl^^fcoTHfIlBA^C0T Ej£ 

^^jatjoizs^L. TMfi!c^^ilil-r'5)J:5lziSIt$^^rl^^li*^7(D^i3te 

U TMfiJt^^ilag-r'S c fc3lZaSlt^^Tl^-SIi^]S8(7){l5fee— AX^'J y$ 

o 

[IS*JS10] BtjiBf#^<D^^li[5lS4 5° -C*fc-5!i3fcJSi 0<7)f§3fct:- 
[»*JS1 1 ] fliBflfttf-AX^'J ^$li--&t£-A$££§S<i: LTttft 
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w^ji 1 1 omit e— at. ^ >j ^ * . 

MfBS^t&^lifJtBfte-AcDf^^ 

[tt#fli1 7] MI33te-AI*fllBlH]fiT^^<ix.fcHfItB^ l jXAcD®$ 

1 6 coif— A;u— £ — o 

[ff#Jl2 0] flfB^e-AlifllBIiltff^^^-r^fllB^'jXAa)®^ 

o 

[ffll#*2 1 ] j|iriBfte-AI*fiJlB^UXA(Z)APSlcAWU ffUBflft 

[if ^^2 2] fiiBA^e-Aaj-ifp^iPi^Ticfcit^^/^-ii^s-e 

[H*« 2 3 ] A^tf-A^^-CDii^^lfillC^LT^IlJ-r^^^lCfc 
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l^X. 

m m t& =f- £ 15 1£ w- t§ ft m i c is it „ 
h «t 3 1 ~ ii #j * & tz m m £ m + m& <o m y is l Kje sb $ *r l . 

HUlBftS a l± 9 0 %cfc U 'J^£ < 0 % £ y < % 

ifiiBA^e-AiiHiifaisiijT^cDsic^^T^m 1 mtft^tmm 1 ts3t^ 

£ y /J*£ l*t*3R« 2 3 lc=B«(D^;£o 

[fi#JS2 5] MaBisg^jayiSLi^esp^iRiit, 

MfB0^T(D®fcjtt5^<7)i*4A^frIBA*r^lf-Aa)BirIBm 1 «3teJ*#l::lS 
ItW-ff-G <fe -S - <t £ £ £ ft -5> 1#* <t r * tt#SI 2 3 <D^;i 0 
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[000 1] 

m^mn^ n^if^^izmL<itmL^im%m^ (poiarizi 

ng selectivity) £M"t Z> [Elffrft3Mlfi£. (subwave length) 3t3Mfc 

^m^l*e-A»fij (beam splitting) rcWWI-ttffl^tt^o 
[0 0 0 2] 

tf— ax? y ffecDft^mt-tticr&ctii^T'&u 

o 

[0 0 0 3] 

mttumzftftmztetfZ'Aftioimmvfo&ti^ e— A-t/^— *>a> (beam 

separation) , X?'J 7f >< >? (splitting) fcj: t£;U— ^ >? (routing) 
lcfclti)[Hl#f(7)^^ffll*J^B^rli*^bt^T^^'^»:A^ofzo Wt?y, Etfrd^oTSt 

[0 0 0 4] 

!Hl#Tl8ijaT?$tiifi (transverse electric) =E— K (TE) £ffiffl% (transv 
erse magnetic) ^E— K (TM) icjlft £*i,f;:5ifc<Djti® (transmission) Icfclt 
Sltl^ih (ant i reflection) icgl LXlZX^itZtiX #Tl^-5> 0 LfrL 

E«h TMftlzfcNf£iijg(DM£S'Mb^6c£^&ofco SillcA^-r-S T E t 

[0 0 0 5] 
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ffl^feaWttA^^JK-Slfiy* RBiBtf— A (illuminating beam) 0>%ftJ: L J 
^fct&T-JS*] (grating periods) ^ fijfflf ^(nltfTl- *>jM£ft£. 
[0 0 0 6] 

SfflJWT?, »MttJ=liyiSf »« (features) Uri^T t J:l\, CKD^ofc 

[0007] 

^M^fficDft^aJw^Awe-AojafiiD^JsiT-TffctLii. -tfn*©*-- 

, JSURfiit (ant i reflection) „ MW<S.Mtfr (form birefringence) ft<J:tf# 
:ftTJ3#T^#¥4 (distributed index mater ial s) <Dx 5 =l U— v a > (emu I at i 

on) <D«fe5fePll*aSt^tt**1"o 
[0 0 0 8] 

[0 0 0 9] 

[O O 1 0] 
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C£#-e#&t*-AX:7'J y*&tzltfr—'. 5- (router) ZmftT Z> Z t VfoZ 

o 

[0 0 1 1 ] 
[0 0 12] 

fflNE 1W able, **i!Ba>lWi=fto-c, zc(z*{*<t**ii£<ie 
S££;h,f=«fc9lc, 0»r*Wft«iiil=»ct&*t* title, AStottf-AlcftL 

[0 0 13] 

L r ft ffl -T S if- a;u- * -a# $ ti x i n 6 o 

[0 0 1 4] 

alzifijrt, #JfB£j£al*9 0%J;y/jN£< 0%<fcy*#<, fjffiAl**; tf-AI* 

[00 1 5] 
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[0 0 16] 
[0 0 1 7 ] 
[0 0 18] 

[0 0 1 9] 

*<DM (transmittance difference) ^H/JMtf 6 C <h y £ » paSHmS^© 
[0 0 2 0] 

¥»««jft£ttfl3-r<&o ^a>«k3«e— A»a««i*. e— ass* 

[002 1 ] 

0ii*. «3tetf— ax^u t urttffl^tisiHittttT-i os«ift*-r. ^ 

|S]k(Dftt: — Al*. te^-1 0©Il:II^|S|l:J* Lt^Sa t-^ 1 OlcAW 
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AOTMii^j^^i*, t Ei$^<t \?-Aj5\t>ik<Dm7i\zmB.\zmKmzm%£ti 

{I#b:-AX;7M 1 0 0)1486 £*iS1b-f 3 fctf>l::^£- (complex) -T&J;? 
Iwil^-r^Ct^-C^^o te^-tf>j££l*cU t&d=-fti§&& (grating fill fac 

tor) \*FT*foho 3tmm&F\*. 5omF p&te+mmpxm^tz*, 

[0 0 2 2] 

^%ioo%) icifi-^< 0 TM<i?ta)Sim^c7>3i^ii. izit<d&v xfo& 0 

t&^il^Lfc^fr (slice) lc^fij$^ri>Si:<5^-r^i:, #*l*klcStt 

tmi\ Ltztf-ox * Hitetffazf-iz&A-rziz'Dtix. &*\z&i)x$ 

l^^JatJTJI&^^fettl^ai^do z<D%}gk\Z, te^AUs 0 <7>fc/glz^$4 
^*L^«h|S]±-ri>o CCO^^-eii, AStTMtf— Ali, ^'jXATU-f (array 

» 

of prism) <tffl£?l\ =fr$jJStFr^# n ifr£> nyztp-o < V t£.if?Z> 0 TE 
mii2*itzlt\zttLX\*. Jx.M\*. x>y^£ (etch depth) cK Hmm%L F 
fc£tfte^6er®J&ttl-3iK«tf?-r6o te^Hi£lcTMSi£l*ll<te#U TES 
i^li^<iic#-ri><7>r% te^-ttitioii. T E3t^3i<S*r'T'5)J;-5lc«ig^L 

[0 0 2 3] 

\zmLX\tmClz^W}L. X^'J '>-$K7>TSPlcflli^|S]|cjiALfc5felc*rL-Cli^ 
(7) £ £ Ti fc & (as it does) 1 1^5 MvfcX* >K^TrJ6*J (bidirectional ly) I- 
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[0 0 2 4] 

SCt^t^^o #J;U£. 7^^-11? (master grating) li % -^^;KO«fc 
[0 0 2 5] 

[0 0 2 6] 

» = tfl£l*. ^TJU£f*y, »SS«S£«##f (Rigorous Coupled Wave 
Analysis: RCWA) =i — K<tfi£$l##r;£;£ (mature analysis methods) 
&m^XWMit-?&^tt)<X*2:&o Z©RCWAa-Kli. E. N. Glyt 

sis<tT. K. Gaylord(D r^^tt^l-fcl-J-^^am^lS^CD^ 3 - D!i££;& 
@#r#tirj , mm%^%2 I2401-242 1I (1 989) l=SB«* 

[0 0 2 7] 

mm-f&zt&xt&fr&TriLx^&o 
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[0 0 2 8] 

m2l£ s -}=57.=f-v'7 (r>1=1, n2=1. 5 2) ASttf— lx\Z 

0^^-To Wftli6 5 0nmt'^. te^F-JiJWl* P = 0 . 25//m, 

&i*f = o. 5T*w, t Etftz oofrmmt. m%.§tiwmxx°&z>ft=?-mtE 

?ilZ>$LX 9 9. 9°/olzaL-Cl^o 
[0 0 2 9] 

H3it. m2tmcffi&0TMmftZfttzft\ztt-?z>mmmttvii3 o^^-r G 

^£S*<fc-t&- tlZcfco-C, fllifct:— AX:7'J v$<D$))mtWMit£*i&o 

[0 0 3 0] 

fIft^l*tfJf3mtl~ttLTI*i#^#. III? (field of view) £&ftffJ* 

HCli&o-Citil^s T EJ5*T^4 51*4 5° ^<blttlf=AI*^'CMSTLrt^^o 
[0 0 3 1 ] 

HMB»ttl=<k-5fll3tt?— AX^'J ^^O^^^tt^^-To COW* 
fctf— AX^U ^^0>m+l*T EJ£*f^5 5lZttL-C^l^ii&£*r-f £><> TMg 
il^5 Oli^£;hfc>&S(7>i5HI~:&oTi^< ©£oTl^ 0 ZCDtStt tf 
— AX^'J ^^icai^ofcir^lczi <J h (coll imate) £*i,<i> U— tftf— A 

[0 0 3 2] 

l^] — (D&WtfcCDte^&fflU F = 0. 5 % d = 0. 3 7 5//m N P = 0. 

2 5 jum^a^-r^-iriccfc y „ ft=f-<Dtm\t&ttz>zttfx£z> 0 meits 
TMiz-ttT&mmm$fee otr Emutztitzmztt-? 6 z° a> 



t 



t t 
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— tf e— A*<flg*tf— AX^'J ^iloTft^: (focus) -t^^i^^lt^ic 

m 6*J Ja &ffl O fk £ & 7L X It ^ lb L L ^fr b t? & £ o 
[0 0 3 3] 

RCWA LT¥»fi«lift«3te tf-A* ? 'J v $ <D^;U£^J$ U ft* 

[0 0 3 4] 

izwxzti&o ^mft^-mmitRcwA^mmLxmiELx^^^o £bic. = 

[0 0 3 5] 

XZf l J v$ l*¥;&gE9#0)— ;&'J 2 — ¥ (subwave length quarter wave reta 
rder) LTfifttf-AjU— * -£ff2J&-f<5> C £ *<T?#4. TEiTMl 

^^tifc^W^S^illtOlllc^^K^Smjt'J^-^li, W*.!*. I. Ric 
hter s Peng-Chen Sun. F. XufccfctfT. FainmanO) r&mtir^J <7 P^jt<7)iSit 
. JSffl^|3 I24 2 1 -24 2 9I (1 995) |S1£**U J £ 

[0 0 3 6] 

g| 7 A £: g| 7 B li, 3 <t-<*^b^Hfcii^t*-AX^'J -^72$ 



(13) 



2002-540446 



i$fflL-Ctf-A£;U-^>y (routing) f ZtzftO) 2 0<DW^tt&ggH3Mff& 
^^-To ffiEII*, f-(D-l*^UXA (^4x^*17 0<t7 1) 

[0 0 3 7] 

H7A-CI*, TM«3te£*l*=3feli, ^'JXA7 0<7)±®IC^m$4xfc#;KSfH 
ft§§7 2^m^¥T*il^-r^o Htta-a^&ftfllJ&'J*— *7 3li^'jXA7 
OtDJSS^ftlC^J&^tlTl^o 'J* — itto**? Hl/K (Z)^[p) l* s AltTMfg 
fttf— A£=&Rfllftt: — A (right circularly polarized beam) Ic^^^ 

swi7 4^?,w5, sat® 7 4 1*. «ij^i^®js*r^^sp^sLJ5^<o 

(handedness) ££RiI#;£;h./i3felz^M-r <5>o J5*f Lfc£RiIft 

js®7 3^iior^'j XA7 o^ai-§> 0 

[0 0 3 8] 

^ii3t§§7 2^iio-csa^-eilM-r^o izgtfo-jfc^&^lftit'J*-^ 3ii 

^IrII*, T IS/HI ft StLfcfc*— A©!^^^ h;HC*tLT4*ffi4 5° X*$>*>). AS* 
TMfIftlf-A£:&R<iIfttf-A«&-t3 0 fcRfiSfttf-AI*, JSlfT-Sxi:. 

2e*j# (handedness) ££RMft Z *itz%\ZL^g.-? L^R^ tf— A 

l*IZg#(Z)-;j£'J$ — Sf 7 3 £»oT«l::e»U T E<i3t^Hfc?tlC^$tl* 
o Z<DT EflftSftfcfttf-AI*. ¥;&Sfiftt:-AX^U y$®7 2%Jx.mL 
T»*U EHc^-TcJ:^lC|^gp±Si«riCj;tJ^'jXA7 1 (Dj£®tf>ffe<DSB# 7 7 T* 
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A7 i £ai<g>o 

[0 0 3 9] 

70i71 <D*J£li. ¥2ftfi*iSfi3t* 7 2<t*&^t£'J*-$'7 3^-o© 

[0 0 4 0] 

3*l**ft#i*£*"r5o C<7>#;jfcgfIpfee-AX:?U y*<7>14Stl*. 2fetf-A 
(Dichroic Beam Combiner) ZO^m? & Z ttfX*£Z> 0 ¥ 

;&g^i££&ffl-f &2fetf-Aiji££§S8 oiiH 8 lectin**. z<DHJS^S 

-CI*. 0)e-AliTM73lfi]lCiS?t^^. il^e-AX^'J 8 O^ilo 

{g*tf— ax^u 8 or^StL-cjUtL^o ca>ia8i=(d\ 200 

e-AI*SjS^^HT|5]-^[6]IC3it?^, i5$fiftttfB (orthogonal polar izati 
on state) lcfc& 0 tf— <L&B.3z^ttttfLB\z? & C i: 1*. #ISlcfcl-r&ii££§i 
<BT3lE«T?;U— (routing) f 6 EftX tz-A&ftm?Z><Dlzm*\X&& 

o 

[0 0 4 1 ] 

msom7r^m\(r>m(omMrmx\t. sate-A^sise— Aa>flg#i*T e 
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1 T?T EiilftSftfcftlcftLTIijgilU ;M2t*T Eilft Softie 

[0 0 4 2] 

*¥«B5l=t»fiR-r*c:t^T?#-6o 0»J*.l£, ^tHtfflU V^77fttl} (inte 
rferometric lithography technique) li, ;fft®±lcj^gfl#j*til£ft£0)lc 

[0 0 4 3] 

a » fj ««g £ m x i * u/ > x s ^ - <d & a * m a ® o ««g t $g£ r £ - 1 *><-c# 

e-A7^U v$<DnMW*M$:7rsL. ffi%\ttz-A)l-T^7*zL-7 (beam 
routing cube) <7>J^® (interface) d&lt&jgfl® 9 8 <bi&S£-£;tx-Cl^£o t: 

*Ui, ^ft#®9 27b<S^^l (focusing power) tt-f%>& => lc&£*i£ 0 K 
&|C, +a-^9 8 90)S®li, **.-7!*i<D&m\zmmLtz : MmW.m (wavefr 
ont aberration) £$5lE'3"'§>ffi^£^' L"Cl N -i><, 
[0 0 4 4] 
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^3tlf— AX^'J ^^l-^-r-S)*^ (foundation) t^-S^ t &T*£&o C(D<): 
[0 0 4 5] 

1 0 0£7F-f o C0)^I (geometry) li s OODEHfr* (iSi®-f& 0 0& 
(DJk&ffiJt^Orfi^) l~fclf&£-C(D/<9 — (power) tfZ? U XA®-£<7)flSP£& 
MI^J: yj5*t£;K&<t^5?iJj5£*rLTl,^o cm*. :?'J XA£ii£J5StS§ ( 
reflected path) <Djfti£ £ if L < igJn-T£C o ft^A^afea^ttr 

#j;tl£TM{gft£;Kf=*(D[Em&WT ElmtftZtltzlt&VXZ^m 

[0 0 4 6] 

^m^HII-r-SfcAIC, 7 5 0 nm(DJi8j<t 1 2 0 n m<Dte^£ 

UrclE&ffl^CDte^ 1 01*11 Olz^-f ^'JXA1 0 oa)M@lc^j5£Lfcc 

;l£ (subwave length quarter wave) 'J £ — $ 1 O 2 H I :: "3" <fc 5 
&^f'J XA(D_ht±lP®lCHSSLfco 6 5 O nmCDU— tfft^UXA 1 OO0£ 

fAPSi^biALf:. 7K¥ (TE) Hpfe^*Lfc^(DJ5*t* (P*iaJ£Jk#t) Ii7 

3%-CfcofcA<. Sit (TM) «3fe*4xf=3fe-ei±Sjlt*l*2 1 %T^feofc 0 E# 

<d— fcy*— $m o 2*iioTaiia^"*sj»tf— ai*4 5° ic[Q](t£>*u tei 

-AliS^- (^FS^) -eS^LTgltL. £R<i§3fc£ftfcftl::^&£*u ^'JX 
A1 O OCDHtSPS^^lC^aiS^^^o ZERfift^ft/c&li. Wft<D-%i l J$- 
0 2£iloT^lZ^il-r^>i:. Mil (TM) mttLZtitztttlZ&WiZtttzo & 
(z. TMts^^^fcjfeliis^lS^-l o 1 £iIi£L-C&tfc3Sl O 3lzf6j^of- 0 H 
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MftZtitz (TM) ftlwfctf -6 Ih1St$!i* (diffraction efficiency) 1*3 9 
(DAPSA^^ai^^-eO^^^ K KM (round trip efficiency) 

+5*>7 3%x 3 9%= 2 8%Tfe^ 0 
[0 0 4 7] 

<b£*t<&o IS^OJi^lia^^Pp^ (consideration) T*fc&o te^^l*. ? 

'jXA|^®(7)ftJS (C(7)Jt^li4 5° ) T^O^t^^X 1 <&|§HJr**J&<U— »ftf 
*<|5|$rf:*:l*Ktt**l-C, 2, 3 ■ ■ ■ OS^^ /"-I*- 1 , -2, ■ ■ 

e-A*<?*<i5*-r<&o t^-^-*^ *;u, te^ss, t&^f&i* (-fit, ie 

[0 0 4 8] 

focusing power) ^fift^.7c®l*s ^'J XAOXnW&tzttLttinmzf&titLXt, 

Ib-r £ c £ *><-e # & „ 

[0 0 4 9] 
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mg ^ -fritz titzikm&t ^-murhtztbon^L^mm^^Tjkto u- 

y_ hu> Xl 1 3 Kit A* -6. U— Kl 1 2. 3'J^-hU>Xl 
1 3&&Vz?*)XA-\ 1 giittx'i- 9-1 1 1(DTI±lCfe^„ U— tf 1 1 2 An 

jJCLn (overfill) KtAjHW-ftitZtiZo mnm) (aperture stop) 

1 1 6tff:^«):^ci:I^ (overfill) tf&Z &<D®i±T 3-tf— A£ 

iJ^-hU >X 1 1 3(D±lc^j$^ti. h7'^>^ (tracking) (D 

f=fctti»l 1 8lcii(sl (divert) 
[0 0 5 0] 

[005 1] 

LCD) \zt$l\-att%:&m£*i&&oteMm , )$— V (thin-film retarder) 
[0 0 5 2] 
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[gi3] %a nmrm<DMft : ? L mj&\zitii-z>ft*%iz<DMt&t l-cotm 

[El 7 a] msiiJte^som^i^^^^^^ii^t^^^it'J^ 
- ? £ ^ t; e - A ; u - $ - <d ftfl oB HI o 

©EL 

[El 9 ] 15 £%fl$ffi<Z)tit&l::£ -5^»fi«jeif-*Wb*tL**iBlc»m 

[Eli o] l&eiiflfc^sottiii^&^'jXAif-Ax^'j ^5»te«fet/;u 

— 0fi"J®Elo 

[EI1 1] El 1 O07 , 'jXAt-^7 , g y$fc<fctf;u— £-£*I<5*i^ 
f£3t^^S(D{|iJ®Elo 
[^(DI»BJ] 

10 igfiT*^ (ii^e-Ax^u 
1 2 

15 J V"f- 
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